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In the following paper I desire to place on record the results of certain
experiments which have lately engaged my attention. The facts established
are, so far as I am aware, novel and in themselves interesting.

Many of the physical properties of hydrogenised palladium or hydrogenium
have been carefully studied by GRAHAM, DEWAR, and others; but no one seems
to have called attention to its thermoelectric peculiarities, or to have made a
special study of its electrical resistance. These two inquiries form the subject
of this paper. Throughout I shall use, for brevity's sake, the name Hydrogenium,
which was applied by GRAHAM to the fully-saturated form. Here, however, it
is applied generally to any alloy of the two substances, without any regard to a
possible chemical compound of definite molecular constitution. The paper
naturally divides itself into two sections—the first part relating to the electrical
resistance, the second part to the thermoelectric properties.

ELECTRICAL RESISTANCE OF HYDROGENIUM.

The steady increase of the resistance of hydrogenium with the charge of
hydrogen was noticed by DEWAR ; # and further details were given by myself
in a short paper published a few years ago.t There I obtained a resistance of
1"518 for fully-saturated hydrogenium, of which the originally pure palladium
wire had a resistance of unity. In the present inquiry I have easily obtained a
much greater increase of resistance—such as T634, 1*7775, and even as much
as T83. Whether this may be a result of impurities being present in the acid
which was used as the electrolyte, I cannot say. It may be noted, however,
that the palladium wire itself was obtained in Paris, and was guaranteed to be
very pure indeed.

The main purpose of the present investigation was to study the temperature
characteristics of the resistance of hydrogen-charged palladium. Throughout
each series of experiments the same palladium wire was used, the hydrogen

* Trans. Boy. Soc. Edin., vol. xxvii. t Proc. Roy. Soc. Edin,, 1882-83.
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being added in small successive doses. Not till the maximum saturation was
reached was the wire subjected to any excessive heating, such as is generally
supposed to be necessary to drive the hydrogen out. The temperature was
regulated by means of an oil-bath, into which the wire, firmly bound to
the ends of stout copper rods, dipped along with the thermometer which
measured the temperature. The heating was applied gently by means of a
spirit-lamp.

In the first series of experiments the temperature was raised gradually to
about 300° C.; and in these experiments the loss of hydrogen was beautifully
shown in the manner by which the resistance began to decrease at a temperature
of about 260° C. A detailed description of two of the dozen experiments made
will suffice, as all have almost exactly the same characteristics. I quote ver-
batim from my experimental book, just as the entries were made after the '
completion of the experiment.

Experiment made on January 27, 1886.

Resistance of hydrogenium at 10°2 C. = 936 (10"2 ohm)
(the numbers observed are omitted).

Description of Results.—Up to temperature 175° C, the resistance of hydro-
genium grows at a steady constant rate = "203 per degree centigrade; or to that
temperature

E = 91-4-|- -2031

for this particular specimen; or, more generally, the resistance of a specimen
of hydrogenium, whose resistance is 1 ohm at 0° C, is given by the formula

r = l+-00222i!.

The rate of increase then begins to increase slowly till 220° C. is reached.
From 220° to 260° the resistance remains practically steady, varying

through a range of 1 in 140—that is, 0'7 per cent.
From 260° to 280° the resistance falls off very rapidly, attaining its maximum

rate of decrease at 274°. The rate is then "96 approximately.
At 280° the rate of decrease markedly diminishes, and seems to tend to

evanescence till the highest temperature (295°) is reached.
From this temperature down again to the ordinary atmospheric temperature

the resistance diminishes at a steady and almost constant rate, namely, 202 per
degree centigrade; or

E = 63-56 + -2021
or, reduced as above,

r = l + -00318it.
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It is striking that the rates of change of the palladium in its two states are
such that their total changes through a large range of temperature are the
same.

Experiment of February 4, 1886.

Resistance of hydrogenium at 7° C. = 119#3 (10~2 ohm).

Heating Curve—
From 0° to 140° dR/dt = 194,

and
R = 118 +194*.

or
r = 1 +00165 it.

From 140° to 260°, the resistance grows to a maximum, such that dli/dt
changes continuously, increasing to a maximum ("385) at temperature
225° ±5°, and then diminishing to zero.

At 260° d'R/dt changes sign and continues to increase numerically very
rapidly, so that at 300° the resistance has fallen from 282-5 to 136. This
means a very rapid rate of change at about 295°, approximately equal
to 5.

The cooling curve gives, as average value,

dR/dt = -219
and

R = 66-5 + -219 t,
or

r = 1 +'0033£.

These descriptions, with the accompanying curves (A) on Plate XL, are
sufficient to bring out the peculiarities of the case. The various experiments,
made with wires of different charge, gave very similar results. From these it
appears that, up to a temperature of 150° C, hydrogenium of all degrees of
charge behaves like palladium, except that the temperature-coefficient is
generally, and always for the higher charges, smaller than for pure palladium.
At higher temperatures the resistance seems to grow at a more rapid rate, and
this peculiarity is more marked for the more highly charged metal. This is shown
also in the fact that the difference between the lowest and highest resistances is
greater for the more strongly hydrogenised wire. A little above 200°C, the
hydrogen begins to escape, the first effect being that the resistance increases
more and more slowly till it reaches a maximum. Diminution of resistance
then sets in, sometimes with great rapidity, so that before 300° is reached the
resistance has fallen nearly, if not quite, to what its value would be at that
temperature for the original palladium. The rate at which this diminution
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sets in is of course a function of the time as well as of the temperature. I
believe that, if the wire were kept at a steady temperature of 260°, or even
lower, it would ultimately lose all its hydrogen. Observations on the
change of resistance give, indeed, the most delicate means of studying the
manner in which the hydrogen escapes, and would well repay a careful investi-
gation.

These earlier experiments were made with a view to establish the broad
features of the case. They suggested, however, various lines of further and
more careful inquiry, of which one has just been mentioned. Another is
obviously a following up of the remark made at the end of the description of
the experiment of 27th January, which was indeed the very first of the series.
The problem, expressed in its generality, is, What relation, if any, exists
between the temperature-coefficient of resistance and the charge of hydrogen
present ? At first sight there is a tendency for the total change for a given rise
of temperature to remain the same whatever charge of hydrogen is present.
That is if we use throughout the whole series of experiments the same wire at
different saturations, and draw curves of the resistance (as measured) in terms
of the temperature, we shall obtain a family of curves which in their initial
portions run parallel to each other, the lowest curve being that of pure
palladium, the highest that of saturated hydrogenium. A closer study of the
various experiments showed that this relation did not strictly hold; but before
anything definite could be obtained, it was necessary to make a series of careful
experiments with this special object in view. The results of these later
experiments I shall now give, comparing them when possible with the results
of the earlier series.

A palladium wire was taken of resistance "927 ohms at 18° C. Its
resistances at different temperatures up to 110° or so were carefully measured
in an ordinary Wheatstone bridge. It was then charged with a small charge of
hydrogen, and the same process of measurement of resistance gone through,
and so on, with necessary additions of hydrogen, till the wire became saturated
with the gas.

From the observations, the values of the resistance for each wire were
interpolated so as to correspond to the temperatures 18°, 28°, 38°, &c. The
subjoined table gives these interpolated values for six different hydrogeniums
besides the pure palladium itself. In one experiment four terms only appear.
This resulted from the breaking of the large glass beaker in which the wire
was being heated : —
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TABLE showing Resistances in Ohms at various Temperatures of Palladium and Hydrogenium.

Temperature.

18° C.
28°
38°
48°
58°
68°
78°
88°
98°

108°
118°

Palladium.

•927
•958
•990

1-022
1-053
1-084
1-116
1-147
1-176
1-206

I.

•991
1-027
1-062
1-098
1-134
1-171
1-208
1-244
1-279

> • •

II.

1-051
1-089
1-123
1-157
1-190
1-225
1-260
1-296

...

III.

1-175
1-207
1-242
1-273
V309
1-346
1-381
1-418
1-453
1-491

IV.

1-306
1-342
1-376
1-410

V.

1-402
1-430
1-464
1-497
1-530
1-563
1-597
1-632
1-669
1-700

...

VI.

1-514
1-547
1-578
1-611
1-645
1-677
1-712
1-746
1-780
1-813
1-847

If a table of first differences is formed from these numbers, it will be found
that all the hydrogeniums have the first difference nearly constant throughout,
whereas in the palladium itself the first difference distinctly diminishes as the
temperature rises.

The following table gives the mean of the successive differences for each
specimen :—

Palladium.

•030

I.

•036

II.

•035

III.

•035

IV.

•035

V.

•033

VI.

•033

The gradual decrease in the values for the hydrogeniums as the charge of
hydrogen increases is so regular, that it is difficult to regard it as accidental.
Also the distinctly smaller value for the pure palladium is a significant fact;
although it must be remembered that it is a mean of a series of steadily
diminishing values, whose greatest value is nearly -032. The others again are,
as already pointed out, means of values which must be regarded as practically
constant throughout the whole range.

The quantity, however, which should receive our closest attention is, as I
have pointed out in my previous paper on the resistance of nickel at high
temperatures, not dRjdt, but ~R~1dR/dt. It will be sufficient at present to
form this quantity from the series of first differences, by dividing each by the
mean of the resistances whose difference it is. The sanction for this simple
mode is the " straight-linedness " of the numbers throughout. The following
table shows these " logarithm-rates " arranged opposite the interpolated means
of the temperatures of former table of resistances:—
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TABLE showing the Values at different Temperatures of the " Logarithm Bate " (R^dR/dt)
for Palladium and Hydrogenium.

(For convenience of tabulating, the numbers are multiplied by 104.)

Temperature.

23° C.
33°
43°
53°
63°
73°
83°
93°

103°
113°

Palladium.

34
33
32
30
29
30
27
25
25
...

I.

36
33
33
33
32
31
30
27
...
...

II.

35
31
30
28
29
28
29
• * *
...
...

III.

27
28
25
28
28
25
27
25
26
...

IV.

28
25
24

V.

20
23
22
22
22
21
22
22
19

YI.

21
20
21
21
19
21
20
19
18
18

If means are taken for the first three numbers in all the columns, and then
means of the next four, a condensed table will be obtained, which may be
regarded as giving fairly approximate values for the logarithm rates at tempera-
tures 33° and 68° These are as follows :—

Palladium, . .
Hydrogenium I.

II.
III.
IV.

v.VI.

Mean Values of •=- - j - at
rt at

33°

33
34
32
27
26
22
21

68°

29
32
28
27

22
20

These numbers bring out very clearly the fact that the first effect of adding
hydrogen to palladium is to make the resistance of the wire somewhat more
sensitive to changes of temperature, but that this greater sensitiveness soon
disappears as more and more hydrogen is added. In the saturated condition,
hydrogenium resembles other alloys in having a temperature-coefficient for
change of resistance which is less than for pure metals.

This conclusion regarding the first effect of adding hydrogen is borne out by
the results of the earlier series of experiments, which, though not having the
same claims to accuracy, are now given for purposes of comparison. In the
columns headed R'/B. are tabulated the ratios of the hydrogenium wire
resistances to the resistance of the wire in its pure palladium condition; and in
the columns headed a'/a are tabulated the ratios of the corresponding tempera-
ture coefficients as given by the formula
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where 6 is the temperature measured in degrees of the centigrade scale—the
zero of temperature reckoning being the temperature at which B/ is the
resistance. In the earlier experiments this zero of reckoning is the centigrade
zero; in the later experiments 33° and 68° C.

Comparison of Temperature Coefficients for different Specimens of Hydrogenium.

Earlier
0°

E'/E

1-06
1-08
1-14
1-17
1-39
1-47
1-56
1-78

Series.
C.

a/a
1-09
1-06
1-02
1-00

•72
•76
•50

Later Series.
33° C.

E'/R

...
1-07
1-13
T26
1-39
1-48
1-6

a j a

...
1-03

•97
•82
•79
•67
•64
...

68° C.

E'/E

...
1-08
1-13
1-24
...
1-44
1-55
...

a'ja

i:io
•97
•93

•76
•69

...

The most curious point established in these experiments seems to be that,
to a fair approximation, the total change of resistance in a given palladium
wire charged with hydrogen, due to a given change of temperature, is inde-
pendent of the amount of hydrogen present. Thus, if we form the product
of each pair of corresponding ratios in the table just given, we shall obtain
for each column a series of values differing in no case from their mean
by more than 6 or 8 per cent., with the single exception of the last pair
in the first column. These means are respectively 111, 107, and 112. It
is not unity, so that the pure palladium does not quite fall in with the hydro-
geniums.

Another mode of expressing the fact here indicated is to say that, at any
temperature below 150° C, the increase in resistance of a given palladium wire
is a function simply of the amount of hydrogen taken in. This mode of regard-
ing the phenomenon suggested the inquiry, Does the rate of in-take of hydro-
gen, or the total amount that can be absorbed, depend upon the temperature
of the electrolyte ? A direct experiment was tried by connecting two electro-
lytic cells in series with the source of current, and using, as negative electrodes
in these cells, two equal portions of the same palladium wire. The liquid in
the one cell was kept at a steady temperature of 90° C, while the other was at
the ordinary temperature of the room, about 18° C. No difference, however,
in the rates of charging, or in the final charge, was observed.

The peculiarity in the change of resistance above 150° C, and below the
temperature at which loss of hydrogen sets in, is reserved for a further dis-
cussion ; that is, if further experiments reveal anything new. The nature of
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the peculiarity is indicated in the curves, and has been already sufficiently
touched upon.

THE THERMOELECTRIC PROPERTIES OF HYDROGENIUM.

So far as I am aware, this subject has never been attacked by any experi-
menter. My first inquiry was, therefore, merely as to the existence of a
thermoelectric current between pure palladium and hydrogenised palladium.
I quite expected to find such a current, but was very much surprised at its
magnitude. I cannot do better than quote the whole of the first experiment
from my experimental book.

Resistance of palladium wire before hydrogenisation—

= '64 ohms.

Resistance of same wire after hydrogenisation—

= '99 ohms.

The hydrogenium was then bound to a palladium wire, put in circuit with a
galvanometer, and the palladium-hydrogenium junction gradually heated in oil
up to 300° C, and then allowed to cool. The galvanometer was then gauged
by means of a standard Daniell, whose electromotive force was assumed to be
I I volts.

The temperatures, with the corresponding deflections, as given in the
galvanometer scale, are as follows. The cold junction varied from 6O>2 to 8° C.
throughout the experiment:—

Heating.

Temperature.
38° C.
67°
96°-5

121°
150°
182°
200°
220°
235°
240°
245°
250°
255°
260°
265°
270°
280°
285°
290°
295°
300°
• • •

DeflectioH.
29-3
66
95-5

126
159
183
213
222
224
229
220
220
218
218
220
220
219
218
214
220
218

Cooling.

Temperature.
300° C.
295°
290°
285°
280°
275°
270°
265°
260°
255°
250°
240°
235°
230°
220°
210°
200°
175°
170°
155°
120°
90°

Deflection
218
191
185
179
171
167
161
157
149
145
138 '
130
125
122
111
101
94
80
75
71
56
40
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From these numbers the following facts were deduced :—
If e is the electromotive force expressed in volts, and t the temperature in

degrees centigrade, it is found that—
Up to 200° G, temperature rising,

From 200° to 300° C, e is practically steady.
From 300° to 200°, temperature falling,

e=l-67xl0-5(-105-5+-945if+-000313i52).

From 200° to temperature of air,

e = l-67xlO"5x 470-6) .

Hence we find, in C.GLS. units,

(1) ^ = 1853 from 0° to 200° C. beating,

(2) ^ = 785 from 200" to 0° C. cooling.
ctt

(3) £?= 0 from 200° to 300° C. heating.
ctt

(4) ^ = 1578 +1-044* from. 300° to 200° C. cooling.

Finally, assuming the palladium to be the- same as that investigated by
TAIT, we find for the thermoelectric powers of hydrogenium, in conditions (1)
and (2), referred to lead (as in EVERETT'S Units and Physical Constants*) the
expressions—

(1) p = 1128-3-59*.
(2) p= 160-3-59*.

Hence, on the thermoelectric diagram the hydrogenium line is something
like this. It begins near the iron line, runs parallel to the palladium line till
200° C. is reached, when it falls somewhat quickly to the palladium line, which
it hugs up to 300° C. During cooling, it seems to start from the point it
would have occupied had its course remained unchanged during the whole
heating. From thence it runs at a less inclination than the palladium line
until the temperature of 200° C. is reached, after which it remains parallel to
the palladium line down to ordinary temperatures, and comes out a little
below copper at 0° C.

Adopting TAIT'S values as given by EVERETT for iron, copper, and

* The signs are here changed so as to agree •with TAIT'S theory, which connects the inclinations of
the thermoelectric lines with the THOMSON effects in the corresponding metals. I shall always speak of
iron as lying above lead, and palladium as below lead, on the thermoelectric diagram.

VOL. XXXIII. PART I. 2 B
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palladium, we may indicate the peculiarities of the hydrogenium by means of
the following table of thermoelectric powers (t in centigrade degrees):—

Iron, 1734-4-87*
Copper, 136+ '95*
Palladium, - 625 - 3'59* '
Hydrogenium ( 0° - 200"), +1128 - 3-59!!

., (200° - 300°), - 625-3-59*
(300°-200°), +1578-2-55*

ii (200°- 0°), + 160-3-59*

It must be understood, of course, that these equations do not strictly hold
at these temperatures which separate the one group from the other; at these
points there are continuous although rapid transitions which baffle an arithmetic
representation.

The peculiarities here indicated may be explained as due to the escape of
the hydrogen during the heating and to its partial return during the cooling.
Only the one extremity of the hydrogen-charged wire is heated, so that only
from that portion will the hydrogen escape to any marked extent. Whether it
escapes wholly out of the wire, or is partly driven into the contiguous colder
portions, is not certain. The latter possibility is far from improbable, if the wire
is undercharged to begin with. Whatever may be the case, however, it is
obvious that at about 500° C. the portion of wire immersed in the hot oil begins
to lose its occluded hydrogen. The thermoelectric system that now exists is of
such a complicated nature that it would be difficult, perhaps impossible, to
predict what should happen. There is a pure palladium wire joined in circuit
with a hydrogenised palladium wire, whose charge as well as temperature
varies continuously from the one extremity to the other. Supposing, as I shall
establish later, that the thermoelectric position of hydrogenium is a function
of the charge, we have to do with a chain of elements of continuously varying
thermoelectric power. Adding to this the further complication that there is a
time variation of both temperature and charge, we can scarcely expect to be
able to prejudge the phenomenon. The mere fact of a variation of charge may
—for ought we know to the contrary—bring into play an electromotive force
of other than purely thermal origin. As the heating changes to cooling, the
electromotive force which had remained so constant since 200° begins to fall
away rapidly, but with diminishing rapidity as the temperature falls. There
certainly seems to be an instability in the condition of the hydrogen during this
cooling process, for just as the temperature below which hydrogenium was
stable during the heating the thermoelectric properties recover their original
ordinary characteristics. The final position of the hydrogenium line, after the
cooling, shows that there has been a loss of hydrogen at the junction; but, as
was proved by resistance measurement afterwards, a very small amount of
hydrogen was lost to the wire as a whole—not more than 5 or 6 per cent.
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The thermoelectric power of the palladium and hydrogenium couple, as
shown by this first experiment, was so large as to suggest investigating the
properties of the hydrogenium by coupling it with some other metal, such as
platinum or copper. The use of the palladium itself is besides open to the
possible objection that the passage of a current between it and hydrogenium
may cause a transfer of hydrogen. There was, however, no positive evidence
of such a possibility.

In the next experiments to be described a triple junction was formed of
platinum, palladium, and hydrogenium. Eapidly alternating readings were
taken of the platinum-palladium and platinum-hydrogenium electromotive
forces, which were estimated in C.G.S. units. In this way the hydrogenium
and palladium were directly compared. The following are the results of one of
the experiments, the same wire being used as in the experiment already
described. By the addition of a little more hydrogen the resistance was raised
to 1-012 ohms.

Comparison of Electromotive Forces of Palladium (Ptf-Pd) and Platinum-
Hydrogenium (Pt-Hd) at different Temperatures.

The numbers are given in
Heating.

Pt-Pd.

+ -19
2-06
5-57
9-51

11-9
12
18-5
23
27-5
50
62-1
66-7
81-6
86-1
98-5

103-9
114-7
122-5

Ft-Hd.

- -56
- 3-36
- 6-82
-10-86
-10-7
- 9-3a
- 7-4
+ -9
+ 8-26

31-3
41-3
47-2
61-7
67-9
77
82
95-2

102-3.

10-4 of the C.G.S. units.
Cooling.

Tt-Vd.

122-5
120-1
117'6
108-1
99-4
93 -7
89
75-6
60-7
57 -6
54-5
41-8
37-2
34-1
32-6
28-2
25-5
19-5
17'4
11-9
8-3

Tt-Kc

102-3
98-5
94-8
90-3
84-5
79-6
74-2
62-5
48-6
46
43-7
32-7
29-8
27
25-4
21-5
20
14-9
13-5

9-3
61

In this experiment the triple junction was enclosed in a small porcelain tube
and heated in a charcoal furnace. The temperature of 200° C. corresponds
approximately to the value 16 in Pt-Fd column, and temperature 300° C. to the



182 DE, CARGILL G. KNOTT ON THE

value 25. The curves marked B in Plate XI. bring out the peculiarities to the
eye.

If we try to trace the hydrogenium line on the thermoelectric diagram from
this curve, we shall get rather a curious result, Avhich is shown roughly in the
small diagram (C) in the upper left-hand corner of Plate XI. A glance at the
electromotive force curve indicates, indeed, that the ratio of the thermoelectric
powers of hydrogenium and palladium referred to platinum begins with a
negative value greater than unity, passes through zero at about 150° C, becomes
equal to positive unity at about 200° C, and attains a value greater than unity
as the temperature passes through 300° C. This may be explained in two
ways. It may be due to an electromotive force other than thermal, brought
into existence by the variation of charge or a possible convection of hydrogen
along the wire. Or, it may be due to the integral electromotive force of a row
of hydrogenium elements of varying charge and temperature being a function
of the space-rate of either variation. Ultimately the ratio of the thermoelectric
powers becomes a little less than unity, and continues so until the temperature
reaches its highest value. The cooling curve belongs to a diagram line which
lies between palladium and platinum, dividing the space in the ratio of
1 to 4. The main features are identical with those of the first experiment,
the differences in detail being the result of the much higher temperatures
employed, in virtue of which more hydrogen is lost to the wire. In the
small thermoelectric diagram the palladium line is drawn parallel to the
platinum line, although they are really inclined at an angle which would
make them meet at a point corresponding to —600° C. The irregularities
due to the instability of the hydrogen appear in the thermoelectric ex-
periments at a lower temperature than in the resistance experiments. This
may well be due to the inequality of temperature distribution along the wire
in the former case.

It now remained to make a study of the thermoelectric properties of
hydrogeniums of intermediate charges. The object aimed at was to obtain
careful determinations at temperatures below those at which arise the irregu-
larities due to the instability of the hydrogen. I confined myself, therefore, to
temperatures below 100° C. The arrangement and reduction of results, which
present some novelties of operation, were as follows :—

A triple junction of platinum, pure palladium, and hydrogenium was im-
mersed in oil, along with a centigrade thermometer, which, however, was used
rather as an indicator than an accurate measurer. The platinum-palladium
circuit was indeed the real thermometer; and in terms of its electromotive
force the electromotive force of the platinum-hydrogenium circuit was obtained.
The resistance of each specimen of hydrogenium was measured before and
after the electromotive force measurements. The mean of these two resistance
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measurements, which were usually the same, and differed only in one case by
as much as 1 per cent., may be regarded as a fair indicator of the amount of
hydrogen present in the particular specimen. The same palladium wire was
used throughout as the basis for the successive hydrogeniums.

The resistances were the same in both circuits, so that the galvanometer
deflections were proportional to the electromotive forces. The circuits could
be thrown on to the galvanometer in either direction and in rapid alternation.
The sequence in which the readings were taken was as follows:—Let a, b, sym-
bolise the readings of the two circuits, and let + or — be prefixed to indicate
the direction in which the current flowed through the galvanometer. Then the
order in which the observations were made was

+a—a—b+b—b — a+a — a — b+b—6&c.

From + a to the next + a represents a complete series, from which two cor-
responding readings may be obtained ; and similarly from + b to the next + b.
An example, taken at random from the pages of the experimental book, will
make the method clear :—

+a
161

171

(308)

(325)

(324-5)

— a
147

155

153-5

-6

164-5

164-5

170

+ b
(344-5)

180

(344-5)

(362 )

192

The zero line of the scale lay at the centre, and to this zero the zero position
of the galvanometer spot of light was roughly adjusted. Hence the sum
161 + 147 ( = 308) is to a first approximation double the deflection due to the
average current during the time taken to make the two readings; and similarly
for all the other successive pairs of readings belonging to either circuit. The
bracketed numbers show these sums, no two of which are of course simul-
taneous or correspond exactly to the same temperature. But let us take any
four in chronological order, such that the first and last belong to one circuit,
and the two intermediate ones to the other. Then we may assume, if the rate
of change is slow, that the sums of these pairs are proportional to electromotive
forces which correspond to the same temperature. In the example given, two
pairs of corresponding numbers may be obtained by simply adding successive
pairs of bracketed numbers of the same name, namely, 634, 689, and 650-5,
706'5. Every number so finally obtained depends on at least three readings.
I shall give here a portion of one of the tables containing these reduced num-
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bers, together with first differences, and the ratios of corresponding pairs of
differences—which quantit'es were necessary for the final reductions.

Experiment of May 14, 1886.

Resistance of Hydrogenium = 1 "4245 Ohms.

Temperature.

40°

50°

60°

Tt-Kd.

63

86

109

128

153

174

Differences.

23

23

19

25

21

Vt-Vd.

164

213

263

314-5

365-5

420-5

Differences.

49

50

51-5

61

55

Ratio.

•47

•46

•37

•49

•38

and so on.

The temperatures in the first column are not to be regarded as accurately
determined. They merely indicate, to a sufficient approximation, the tempera-
ture of the moment. The ratios in the last column should give the ratios of
the corresponding electromotive powers of hydrogenium and palladium referred
to platinum. The mean of all for any one experiment will give a good value for
this ratio at the mean temperature of 60° C, the cold junction being 20° C,
and the highest temperature being 100° C. Instead of taking a single mean,
however, I divided the experiment into two portions, and found the mean of
all differences below 80° C. and the mean of all differences above 80° C. In
this way I got two values for the ratio—one corresponding to temperature
50° C, and the other to temperature 90° C. These ratios, which are repre-
sented by the symbol de'fde, are given in the accompanying table, each
specimen of hydrogenium being distinguished by its resistance estimated in
terms of the resistance of the originally pure palladium wire; that is, by the
ratio R'/R

TABLE comparing the Changes in Resistance and in Thermoelectric Power of Palladium Wire charged
with different amounts of Hydrogen.

R'/R

i>u (50°
* / & | 9 0 .

de'Jde (mean)

1

1
1

1

1-043 ' 1-121

•88
•88

•88

•75
•76

•755

1-189

•77
•70

•735

1-26

•70
•65

•675

1-302

•63
•61

•62

1-395

•47
•53

•50

1-504

•44
•44

•44

1-78

-1-58
-1-58

-1-55
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These numbers prove two things—

1. The greater the charge of hydrogen, the higher on the thermoelectric
diagram is the hydrogenium line.

2. The displacement of the line for a given increment of charge is
greater at the higher charges.

So striking is this second peculiarity that, whereas it requires the resistance
of the wire to be increased by 50 per cent., so as to bring the line half way to
the platinum line, it requires only 78 per cent, to make it move to the other
side of the platinum line to a distance greater by 50 per cent, than the distance
of the palladium line. This is indicated by the figures in the last column having
a negative sign. The great displacement in the hydrogenium line at high
charges, as proved by these experiments, is in agreement with the results of the
earlier experiments.

It does not seem possible to draw any conclusion from the values given as
to there being any change in the inclination of the hydrogenium line. The
safest conclusion to draw would be that, on the whole, the ratio de'jde remains
constant through the corresponding range of temperature—that is, through
40° C. If this were so, it would mean that the hydrogenium line is not parallel
to the palladium line, since the latter is itself inclined to the platinum line.
The thermoelectric powers of palladium to platinum at 50° C. and 90° C. are in
the ratio of 70/75. If the hydrogenium line were parallel to the palladium line,
the corresponding ratio for it would be smaller for all the cases studied except
the last, for which it would be greater, being indeed greater than unity. There
is certainly no indication of such a property in the tabulated numbers. The
properties are indeed almost reversed.

Again, the constancy of the ratio de'/de for all temperatures (if surely
established) would mean that the hydrogenium lines all pass through the point
of intersection of the palladium and platinum—a very remarkable fact, should
it be established by later experiments. We might then reason as to the
existence of a hydrogen line passing through the same point. Certainly the
constancy of this ratio is well marked in the last two cases, just the ones where,
upon the very natural hypothesis of parallelism, it should be most distinctly
variable. A closer study of the subject seems called for, and I hope before
long to attack the problem in a somewhat different manner. It may be said
that we can hardly expect to avoid irregularities due to a probable inequality
in the distribution of the hydrogen charge. Such irregularities will obviously
have more effect in thermoelectric measurements than in resistance measure-
ments.

In connection with the subject of the thermoelectric properties of hydro-
genium, the following will make an instructive lecture experiment. A palladium
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wire is hydrogenised throughout half its length, and its extremities attached to
the terminals of a galvanometer. If, now, a flame is applied to the centre of
this apparently single uniform wire, a large thermoelectric current is obtained,
which grows to a maximum and then falls down to zero. This spurious neutral
point is of course simply the result of hydrogen being lost to the heated portion.
As the wire cools down again no such large current is obtained. The effect
may be reproduced a number of times by following up with the flame the ever-
shifting point of separation of the hydrogenium and the palladium.

SUMMARY.

The electrical resistance of hydrogenium increases with the temperature up
to the point at which hydrogen begins to be given off. Thereafter the resistance
begins to decrease till all the hydrogen has been driven away, after which
increase sets in again as the now pure palladium wire is heated. The tempera-
ture-coefficient diminishes as the charge increases, and in such a manner that
the total increase of resistance through a given range of temperature is nearly
the same for the same palladium wire whatever the charge may be. In other
words, at any given temperature below 150° C, the increase of resistance due
to a given additional charge is the same. The changes of resistance between
200° C. and 300° C. afford a very delicate means of studying the manner in
which the hydrogen escapes.

The thermoelectric current in a palladium-hydrogenium circuit flows from
palladium to hydrogenium through the hot junction—that is, the hydrogenium
line lies higher in the thermoelectric diagram than the palladium line. The
higher the charge the higher the position. Saturated hydrogenium lies, for
ordinary atmospheric temperatures, between copper and iron. Up to 150° C.
the hydrogenium lines are straight lines, and nearly if not quite parallel to the
palladium line. Above 200° C. rapid changes set in, the result no doubt of the
loss of hydrogen at the junction. On cooling, the hydrogen seems to return
partially to the extremity from which it has been driven. The effects at high
temperatures are, however, complicated, because of the unequal distribution of
hydrogen in the palladium.




